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167'(! +66$&'! +..16+&@?! &#12! &#'! 2$.'! +..16'! ('2%,62'! <+//! 9'! '/+-+&'7?! 'B'6! +;! &#'!
%$&#,5'6!#$2!9''6!%('2'6&!%('B+,12/@:! G6!-,6&($2&?! &#'!2%'-+;+-! =$7$%&+B'>! +..16'!2@2&'.!
#$2!91+/&!1%!.'.,(@!$67!('2+2&$6-'!&,!%('B+,12!%$&#,5'62:!U,(!&#+2!&,!,--1(?!&#'!2%'-+;+-?!,(!
$7$%&+B'! +..16'! 2@2&'.! '6(,/2! 7+;;'('6&! +..16'! -'//2! &,! ;$-+/+&$&'! &#'+(! 7';'6-':! H#'!
-#$($-&'(+2&+-!;'$&1('2!,;!&#'!+66$&'!$67!2%'-+;+-!+..16'!2@2&'.2!$('!21..$(+2'7!+6!H$9/'!
):3:!T#+/'!&#'2'!&<,!+..16'!2@2&'.2!#$B'!7+;;'('6&!;'$&1('2?!&#'('!+2!+6-('$2+65!'B+7'6-'!
&#$&!&#'@!$('!6,&!.1&1$//@!'8-/12+B'!$67!<,(A!&,5'&#'(!&,!.$+6&$+6!,%&+.$/!,-1/$(!7';'6-'!
=C('5,(@?!DEE3>:!H#'!+66$&'!2@2&'.!.$@!+6+&+$//@!%(,B+7'!&#'!6'-'22$(@!2+56$/2!&,!$//,<!&#'!
$7$%&+B'! 2@2&'.! &,!'/+-+&! $6!$6&+9,7@! ('2%,62'!$67!$&&($-&! /'1A,-@&'2! &,! &#'!$;;'-&'7! 2+&'!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
3))!
 
45&$%/'&,6! "#! $%&7! 899:;<! =,(! &#+2! &#'2+27! &#'! >,-12! ?+//! ('.$+6! ,6! $! 2.$//! $2%'-&! ,>! &#'!
@+,-#'.+-$/!@'#$A+,1(!,>!&#'!+66$&'!2B2&'.<!!
!"#$%&'()&*+,,"-.&/0&12%&0%"1+-%3&/0&12%&455"1%&"56&37%84048&4,,+5%&3.31%,&9*1"7$%1/5!"#!$%&:&;<<=>&
& ?55"1%&95/5@37%84048>& A6"714B%&937%84048>&
C%"1+-%3D& C,!+..16'!.'.,(B! D..16'!.'.,(B!E'A'/,%2!
?,,+5%&8%$$3&45B/$B%6D& F#$G,-B&'2!H!6'1&(,%#+/2!I!
.$-(,%#$G'2!
J($61/,-B&'2!
KL/B.%#,-B&'2!
*L/B.%#,-B&'2!
M6&+G'6!%('2'6&+6G!-'//2!
E%64"1%6&#.D& "B&,N+6'2!
O'>'62+62!!
",.%/'.'6&!%(,&'+62!!
M6&+@,E+'2!
",.%/'.'6&!%(,&'+62!
"B&,N+6'2!
!
!"# $%&'()*+,-*.,/0(1)/-2,1(++(*3(%+,)*,'(-%,425).,
P,('! ('-'6&/B7! ,A'(! 3)99! %(,&'+62! #$A'! @''6! +E'6&+>+'E! +6! #'$/&#B! #1.$6! &'$(2<! K'$(!
%(,&'+62!-$6!,(+G+6$&'!>(,.!&#'!>,//,?+6G!.$+6!2,1(-'2!4Q#,1!$6E!*'1'(.$67!8938;R!
• &#,2'! 2'-('&'E! @B! &#'! /$-(+.$/! G/$6E! $6E! ,&#'(! G/$6E2! ,>! &#'! /$-(+.$/! >16-&+,6$/!
2B2&'.!4'<G<!.'+@,.+$67!G,@/'&!-'//27!'&-<;!
• ,-1/$(!-'//2!,(!&+221'! /'$N$G'!%(,E1-&2!>,(!#,.',2&$&+-!.$+6&'6$6-'!,(! +6!('2%,62'!
&,!-'//1/$(!E$.$G'!!
• >,('+G6!%(,&'+62!?#+-#!.$B!#$A'!@''6!('/'$2'E!@B!%$&#,G'62!!
K'$(!>/1+E!@'-,.'2!$!S('2'(A,+(T!,>!-'//1/$(!.$(N'(2!4C+2#+E$7!8933;<!5+6-'!%('2'6&!+6!#'$/&#B!
$6E!%$&#,/,G+-$/! 2&$&'27! &#'!%(,>+/'!,>!%(,&'+6!@+,.$(N'(2! +6! &+221'2!$('! +6-('$2+6G/B!@'+6G!
1&+/+2'E! +6! E+$G6,2+27! E'&'(.+6$&+,6! ,>! &('$&.'6&! %$&#?$B2! $6E! .,6+&,(+6G! &('$&.'6&!
'>>+-$-B! +6!E+>>'('6&!E+2'$2'!2&$&'2<!U$(G'!%(,&'+62!'V%('22'E!@B! &#'! /$-(+.$/!G/$6E!21-#!$2!
/B2,WB.'7! /$-&,>'((+6! $6E! 2DGM! $('! E,.+6$6&! +6! &#'! &'$(! >+/.! $6E!?'//! ('-,G6+2'E! +6! &#'+(!
@$-&'(+-+E$/7!@$-&'(+,2&$&+-!$6E!$1&,+..16'!(,/'2<!5.$//'(!%(,&'+627! 21-#!$2!-B&,N+6'2!$6E!
-#'.,N+6'27! $('! %('2'6&! +6! .1-#! /,?'(! -,6-'6&($&+,62! $6E! .$+6&$+6! A+&$/! +6&'(-'//1/$(!
2+G6$//+6G7! ?+&#! -'//! E+>>'('6&+$&+6G! $6E! %(,/+>'($&+6G! >16-&+,62<! K#'2'! %(,&'+62! $(+2'! >(,.!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
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,-1/$(!21(5$-'!-'//2!$67!-,.%(+2'!89:!,5!&#'!6,(.$/!&'$(!%(,&',.'!;<#,1!$67!*'1'(.$6=!
>93>?@!A#'!%(,5+/'!,5!&#'2'!2.$//'(!%(,&'+62!%(,B+7'2!$!C5+6D'(%(+6&E!,5!&#'!#,.',2&$2+2!,5!
&#'!,-1/$(!21(5$-'!$&!$6F!,6'!.,.'6&!+6!&+.'@!!!!
A#(''!2&$D'2!$('!-(1-+$/!+6!&#'!%(,-'22!,5!21--'2251/!+66$&'!+..16+&F!;G('D,(F=!>993?H!
• A#'!('2%,62'!.12&!I'!+..'7+$&'!
• A#'!('2%,62'!.12&!I'!$.%/+5+'7!
• A#'!%$&#,D'62!.12&!I'!-/'$('7!!
A#'!2%'-+5+-!+..16'!2F2&'.!.12&!I'!$-&+B$&'7!+5!&#'!%$&#,D'6!+2!6,&!-/'$('7!J1+-K/F@!L2!&#'!
-,(6'$!+2!$6!$B$2-1/$(!&+221'!$67!5'M!+..16'!-'//2!$('!%('2'6&=!&#'!-,6N16-&+B$!+2!,5&'6!&#'!
5+(2&! ,-1/$(! 21(5$-'! &+221'! &,! ('2%,67! &,! 'O%,21('! &,! $//'(D'62=! &,O+62! $67! %$&#,D'62@! L6!
+65/$..$&,(F!%$&#M$F! +2! +671-'7!M#+-#!('21/&2! +6! +6-('$2'7!I/,,7!5/,M!&,!&#'!-,6N16-&+B$!
;('21/&+6D! +6! #F%'($'.+$?=! +6-('$2'7! -$%+//$(F! %'(.'$I+/+&F! ('21/&+6D! +6! 5/1+7! /'$K$D'! $67!
+..16'! -'//2! &,! &#'! 2+&'! ,5! +6N1(F! ;P+2#+7$=! >933?@! *,&#! $//'(DF! $67! +65'-&+,6! -$6! +671-'!
+65/$..$&+,6@! L-1&'! %#$2'! ('2%,62'2! $('! $-&+B$&'7! IF! &#'! +66$&'! +..16'! 2F2&'.! $67!
'.%/,F!$!61.I'(!,5!-F&,K+6'2@!A#+2!%(,-'22!+2!,1&/+6'7!+6!Q+D1('!)@3!$67!Q+D1('!)@>@!!!
"F&,K+6'2! $('! %(,&'+62! &#$&! $-&! $2! -#'.+-$/! .'22'6D'(2! M#+-#! +6! &1(6! '/+-+&! $! %$(&+-1/$(!
('2%,62'!,(!$!2'(+'2!,5!('2%,62'2@!A#'F!$('!2'-('&'7!IF!+..16'!$67!6,6R+..16'!-'//2!21-#!
$2! 5+I(,I/$2&2=! '%+&#'/+$/! $67! '67,&#'/+$/! -'//2=! /,-$&'7! +6! &#'! -,6N16-&+B$! $67! -,(6'$/!
'%+&#'/+$! $67! 2&(,.$! +6! ('2%,62'! &,! &($1.$=! +65/$..$&+,6=! &#'! %('2'6-'! ,5! I$-&'(+$/! $67!
$//'(D'6+-!2&+.1/+!;S&$%/'&,6!"#!$%&=!>99T?@!"F&,K+6'2!$('!7'/+B'('7!IF!-'//2!&,!&#'!21((,167+6D!
'6B+(,6.'6&!$67!I+67!&,!#+D#!$55+6+&F!21(5$-'!('-'%&,(2!&,!+671-'!&#'!$%%(,%(+$&'!,1&-,.'!
;U-V66'2=!>93T?@!!!!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
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!
!"#$%&'()*'+,&'%&-./"012,"3'4&/5&&1'/,&'6-"1"6.-'2"#127'6&--$-.%'.18'69/0:"1&'"1/&%.6/"012'8$%"1#'06$-.%'
2$%;.6&'"1;&6/"012'<="2,"8.7'>?**@'
!
!"#$%&'()>'+,&'%&-./"012,"3'4&/5&&1'/,&'6-"1"6.-'2"#127'6&--$-.%'.18'69/0:"1&'"1/&%.6/"012'8$%"1#'06$-.%'
2$%;.6&'.--&%#9'<="2,"8.7'>?**@'
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
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05! &#'! +..16'!-'//2! 789-'//2:!;#+-#!<,! 2'-('&'! -=&,>+6'2?! &#'! &=%'!,5! -=&,>+6'! 2'-('&'<! +2!
<'%'6<'6&!1%,6!&#'!-'//! /+6'$@'A!"BCD!89#'/%'(! 78#:!-'//2!%(,<1-'!-=&,>+6'2!;#+-#!('-(1+&!
$6<! ('@1/$&'! &#'! $-&+E+&=! ,5! ,&#'(! +..16'! -'//2! $6<! $('! -#$($-&'(+2'<! F=! &#'! &=%'! ,5!
-=&,>+6'2! &#'=! %(,<1-'! 7G&$%/'&,6! "#! $%&?! HIIJ:A! "BCD! 89#'/%'(! 21F2'&2! +6-/1<'K! 8#I?! 8#3?!
8#H?!8#3L!$6<!('@1/$&,(=!89-'//2A!8#'!&=%'2!,5!-=&,>+6'2!$6<!&#'+(!$22,-+$&'<!516-&+,62!$('!
21..$(+2'<!+6!8$F/'!)AHA!!!
!"#$%&'()&!*%&+,-./01%2&"13&"22.+0"-%3&451+-0.12&6%$"-%3&-.&03%1-040%3&!7*%$8%6&+%$$&25#-,8%2&9:+;11%2<&)=>?@&
89#'/%'(!-'//!21F&=%'! "=&,>+6'2! M22,-+$&'<!516-&+,6!
8#I! 9! N$OE'!89-'//!;+&#!16('2&(+-&'<!-=&,>+6'!
%(,5+/'!
8#3! PQN9R?!PS9H! Produced by activation of 
macrophages to induce local 
responses. Th1 cells regulate 
delayed-type hypersensitivity 
reactions (Type IV) !
8#H! PS9C?!PS93I! M22,-+$&'<!;+&#!$<$%&+E'!+..16'!
('2%,62'A!8#H!-'//2!.'<+$&'!$//'(@+-!$6<!
$6&+F,<=!('2%,62'2!
8#3L! PS93LM?!PS9HH?!
PS9HT!
8#3L!%/$=!$!(,/'!+6!$!;+<'!($6@'!,5!
$1&,+..16'!('2%,62'2!%('E+,12/=!
-,62+<'('<!8#39.'<+$&'<!$6<!
+.%/+-$&'<!+6!.1-,2$/!<'5'6-'!
U'@1/$&,(=!89-'//! 8VQ9W?!PS93I?!PS93H! G1%%('22+E'! 516-&+,6! $6<! .$=! -,6&(,/!
<'E'/,%.'6&!,5!$1&,+..16'!<+2'$2'!
!
8#'! 2'-('&+,6!,5! -=&,>+6'2!F=!8#3!$6<!8#H! -'//2!.$+6&$+6!$6!'X1+/+F(+1.!;#+-#! +65/1'6-'2!
&#'! ,E'($//! %(,@('22+,6! ,5! %$&#,/,@+-$/! %(,-'22'2A! Q,(! 'Y$.%/'?! +6&'(5'(,6! 7PQN:9R! +2!
%('<,.+6$&'/=!2'-('&'<!F=!8#3!-'//2!$6<!#$2!F''6!5,16<!&,!+6#+F+&!-=&,>+6'!2'-('&+,6!,5!8#H!
-'//2Z!2+.+/$(/=?! PS93I!2'-('&'<!F=!8#H!-'//2! +2!$F/'!&,! +6#+F+&!-=&,>+6'!2'-('&+,6!F=!8#3!-'//2!
7[$.($#!"#!$%&?!HIIC:A!G+6-'!2+.+/$(!-=&,>+6'2!$('!2'-('&'<!F=!$!($6@'!,5!+..16'!-'//2?!&#'('!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
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+2!$!5'6(''!,7!,8'(/$%!9'&:'';!-<&,=+;'!71;-&+,;2>!2,.'!-<&,=+;'2!#$8'!9,&#!%(,?!$;5!$;&+?
+;7/$..$&,(<!%(,%'(&+'2@!!
"<&,=+;'2!#$8'!9'';!5'&'-&'5!+;!&'$(!7/1+5!+;!#'$/&#<!$;5!%$&#,/,6+-$/!'<'2@!A$9/'!)@B!2#,:2!
2+C! -,..,;/<! 5'&'-&'5! -<&,=+;'2! +;! &'$(! 7/1+5D! 5'2-(+9'2! &#'+(! 71;-&+,;2! $;5!.'-#$;+2.2!
$;5!-/+;+-$/!.$;+7'2&$&+,;2@!!
!
!
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!"#$%&'()&*+,,+-$.&/%0%10%/&1.0+23-%45&06%37&89-103+-4&"-/&1$3-31"$&+19$"7&,"-38%40"03+-4(&:;<=>?+$.,+7?6+-91$%"7&$%92+1.0%45&*@A&>&1+-0"10&$%-4&B%"75&*@CDE&>&
1+-0"10&$%-4&"44+13"0%/&7%/&%.%5&FEF&>&/7.&%.%&/34%"4%G&
*.0+23-%& H9-103+-& C//303+-"$&,%16"-34,4I"103+-4&
*$3-31"$&+19$"7&
,"-38%40"03+-4& J73K3-&+8&1.0+23-%&&
C??7+L3,"0%&0%"7&
8$93/&1+-1%-07"03+-&
3-&-+7,"$4&&
M@NO&:P&"-/&QG&&
&
6.%,(&$7&!.'8+$&,(!,9!
+79/$..$&+,7!$78!
+..17+&:!
6;<3=>!2&,('8!+7!'%+&#'/+$/!
-'//2!?!2&(,.$/!
@'($&,-:&'2!$78!+2!
('/'$2'8!1%,7!-'//!
.'.A($7'!(1%&1('!
BC@%'@!$78!D,&&2-#E!
F55GH!
6;<3I!('J1+('2!-/'$K$L'!
&,!A'-,.'!$-&+K'!BMMN<
O!$-&+K$&'2!%('<-1(2,(!6;<
3IH!
!
6781-'2!6;<4E!<PE!QRS<
=!$78!DM<"TS!
BL($71/,-:&'<
.$-(,%#$L'!-,/,7:<
2&+.1/$&+7L!9$-&,(H!
T&+.1/$&'2!
%(,81-&+,7!,9!MMN!
'7U:.'2!A:!
'%+&#'/+$/!$78!
+79/$..$&,(:!-'//2!
N('2'7&!+7!#'$/&#:E!
#1.$7!&'$(2!
BR$@$.1($!"#!$%&E!
3OOPH!
!
V+7!,-1/$(!(,2$-'$E!
A1//,12!@'($&,%$&#:E!
@'($&,-,712E!2&'(+/'!
-,(7'$/!1/-'($&+,72!
BT,/,.,7!"#!$%&E!F553H!
$78!%$&+'7&2!12+7L!':'!
8(,%2!9,(!L/$1-,.$!
BM$/K+&&'!"#!$%&E!F55WHX!!
C/2,!V!+7!
-,7Y17-&+K,-#$/$2+2!
BC-'($!"#!$%&E!F55PH!
67$-&+K'!<3I!Z!+7!
TY[L('72!2:78(,.'!
BT,/,.,7!"#!$%&E!F553H!
;$-(+.$/!L/$78E!$78!
,-1/$(!21(9$-'!-'//2!
BT&'(7E!*'1'(.$7!
$78!N9/1L9'/8'(E!
F55\$H!
6;<3=!\G%L]./!
6;<3I!G5%L]./!
BT&'(7!"#!$%&E!F55\$H!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
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!"#$%&'() *+',#&$') -..&#&$'/0)1(,2/'&3134/,#&$'3)
!0&'&,/0)$,+0/5)
1/'&6(3#/#&$'3) 75&8&')$6),"#$%&'())
-995$:&1/#()#(/5)
60+&.),$',('#5/#&$')
&')'$51/03))
;<=>?/) 56#+7+&2!$-&+8+&+'2!,9!
%(,:+69/$..$&,(;!5<:3=!
$6>!:3?!
@(,>1-'>!$716>$6&/;!+6!
+69/$.'>!&+221'2A!&#,1B#&!
&,!7'!$6!'6>,B'6,12!
('B1/$&,(;!.'-#$6+2.!
$B$+62&!5<:3!.'>+$&'>!
+69/$..$&+,6!$6>!&+221'!
>$.$B'!CD1$6B!"#!$%&A!
EF3EG!
! H!+6!>(;!';'!CI,/,.,6!
"#!$%&A!EFF3J!D1$6B!"#!
$%&A!EF3EG!
<$-(+.$/!B/$6>!
CI,/,.,6!"#!$%&A!
EFF3GA!
",(6'$/!$6>!
-,6K16-&+8$/!
'%+&#'/+1.!CB('$&'2&!
'L%('22+,6!+6!$%+-$/!
/$;'(!,9!-,(6'$/!
'%+&#'/+1.!CD1$6B!
"#!$%&A!EF3EG!
EEF:MFF6BN./!
CD1$6B!"#!$%&A!EF3EG!
@@A=B)
C@/#5&:)
@(#/00$95$#(&'/3(=
BD)
@(,&',/;&+-!'6O;.'A!
$-&+8$&'>!7;!PP@:M!
C@9/1B9'/>'(!"#!$%&A!EFFQGJ!
%(,:+69/$..$&,(;J!-$6!7'!
+6#+7+&'>!7;!R5P@:3!
CP$(S,1//+!"#!$%&A!EF3EG!
@(+.$(;!.$&(+L:
>'B($>+6B!'6O;.'!
@/$;2!$!(,/'!+6!
>+2(1%&+6B!-,(6'$/!
'%+&#'/+$/!7$((+'(!
&#$&!>'8'/,%2!+6!>(;!
';'!$6>!-$6!>'B($>'!
-,//$B'6!
H!+6!TUTA!-#(,6+-!
7/'%#$(+&+2A!$//'(B+-!';'!
>+2'$2'A!$6>!
-,6K16-&+8,-#$/$2+2!
CI&'(6!"#!$%&A!EFFQ$J!
V-'($!"#!$%&A!EFFWG!
T+1(6$/!8$(+$&+,6!CEFF:
9,/>!+6-('$2'!X+&#!2/''%!
CP$(S,1//+!"#!$%&A!EF3EGG!
H!+6!"<Y!C"$/,6B'!"#!
$%&A!EF3FG!$6>!
S'($&,-,612!C<'.$!$6>!
T1($6A!EFF)G!
!
@PZ2!$6>!'%+&#'/+$/!
-'//2!CI&'(6!"#!$%&A!
EFFQ$G!
M[6BN./!C\,6O$/'O:
@'('O!"#!$%&A!EF3EG!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
!
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!"#$%&'() *+',#&$') -..&#&$'/0)1(,2/'&3134/,#&$'3)
!0&'&,/0)$,+0/5)
1/'&6(3#/#&$'3) 75&8&')$6),"#$%&'())
-995$:&1/#()#(/5)
60+&.),$',('#5/#&$')
&')'$51/03))
;<=>) 67&'($-&2!287'(9+2&+-$//8!
:+&#!6;<3!$7=!>?@<A!
B&+.1/$&'2!'%+&#'/+$/!
.+9($&+,7!CD,7E$/'E<
F'('E!"#!$%&G!5H35I!$7=!
+7=1-'2!'J%('22+,7!,K!
LLF2M!
NKK'-&2!%(,=1-&+,7!,K!69N!
O8!*<-'//2!
!
F('2'7&!+7!7,(.$/G!
#1.$7!&'$(2!
C?$P$.1($!"#!$%&G!
3QQRI!
!
S+7!";!:'$(!CT,9(1!"#!
$%&G!5H33U!D,7E$/'E<
F'('E!"#!$%&G!5H35U!
F,8($EG!6(P'-!$7=!
L,-$7G!5H35IG!TVT!
CW,,7!"#!$%&G!5HHXU!;$.!
"#!$%&G!5HHQIG!-#(,7+-!
O/'%#$(+&+2!CN-'($!"#!$%&G!
5HHRIG!BYZ9('7[2!
287=(,.'G!P'($&,-,712!
C;'.$!$7=!T1($7G!5HH)U!
*$/$21O($.$7+$7!"#!$%&G!
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2+D6+<+-$6&!$/&'($&+,6!+6!-@&,M+6'!'O%('22+,6:!!!
=>?;! +2! ,6'! -#'.,M+6'! B#'('9@! 7'&'-&+,6! +6! &'$(! </1+7! +2! 2'62+&+A'! &,! ('</'O! &'$(+6D!
HP$M$.1($#!"#$%&G!CQQ;R!S,6,7$#!"#$%&G!344IR!T$M$(+$#!"#$%&G!34C3L:!U#+/'!-$('!B$2!&$M'6!&,!
$A,+7! 2&+.1/$&+6D! ('</'O! &'$(+6D! 71(+6D! &'$(! </1+7! -,//'-&+,6G! V%%'67+O! W=! 2#,B2! &#'!
219X'-&+A'! -,..'6&2! $&! '$-#! A+2+&! 71(+6D! &#'! '@'/+6'(! +6&'(A'6&+,62:! 8#'('! B'('! 2'A'($/!
('%,(&2!,<!('</'O!&'$(+6D!$67!2,.'!A,/16&''(2!('%,(&'7!('?$%%/@+6D!&#'!%(,71-&!$<&'(!2'A'($/!
#,1(2!$2!&#'@!<,167!&#'!'@'/+6'(!#$7!Y7+2$%%'$('7Z:!['</'O!&'$(+6D!.$@!('21/&!+6!$!('71-&+,6!
+6! =>?;! -,6-'6&($&+,62! 71(+6D! N$@! C! ,<! '$-#! '@'/+6'(! +6&'(A'6&+,6! B#'('! A,/16&''(2! $('!
Y$7$%&+6DZ! &,! &#'! $%%/+-$&+,6! %(,-'22:! 8,! 9'&&'(! 167'(2&$67! &#'! (,/'! ,<! ('</'O! &'$(+6DG!
<1(&#'(! 2&17+'2! -,1/7! 1&+/+2'! &#'! 'O$.+6$&+,6! ,<! &'$(! </1+7! <,(! $! %(,&'+6! $(+2+6D! <(,.! &#'!
/$-(+.$/! D/$67G! 21-#! 2=DV:! 8#'! -,6-'6&($&+,6! ,<! 2=DV! +6! &'$(! </1+7! #$2! -,62+2&'6&/@! 9''6!
2#,B6! &,! 9'! ('71-'7! +6! ('</'O! &'$(2! HF1//$(7! $67! S6@7'(G! CQQ4R! F1//$(7! $67! 81-M'(G! CQQCR!
S+&$($.$..$G! S#+A$X+! $67! [$,G! CQQ;L! &#'('<,('! $22'22+6D! &#'! -,6-'6&($&+,6! ,<! 2=DV! +6!
-,//'-&'7!&'$(!2$.%/'2!-,1/7!9'!$!12'<1/!B$@!+6!&$M+6D!&'$(!('</'O+6D!+6&,!$--,16&:!!
U#+/'! &#'! +6A'2&+D$&+,6! ,<! -@&,M+6'! 'O%('22+,6! +2! 9'+6D! 7'A'/,%'7! <,(! -/+6+-$/! 7+$D6,2&+-!
%(,-'71('2!$67!&#'($%+'2G! +6&'('2&+6D/@G! &#'!7+1(6$/!A$(+$&+,6!$67!('%'$&$9+/+&@!,<!-@&,M+6'!
7'&'-&+,6!+2!%,,(/@!167'(2&,,7:!\-#+6,!!"#$%&!H344IL!<,167!A'(@!/+&&/'!A$(+$9+/+&@!,<!.'$6!=>?;!
! ! "#$%&'(!)!*+,-#'.+-$/!01&-,.'2!
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-,6-'6&($&+,6! +6! &'$(! 7/1+8! 9'&:''6! 4;<44! &,! 3=<44! #,:'>'(! $! 2'%$($&'! 2&18?! +68+-$&'8!
$/.,2&!3)@!('81-&+,6!7(,.!4;<44!&,!A3<44!12+6B!&#'!2$.'!.1/&+%/'C!9'$8!$22$?2!DE-#+6,!"#!
$%&F!344G$H!E-#+6,!"#!$%&F!344G9IJ!!K1$6B!"#!$%J!D34A3I!7,168!B,,8!+6&($-/$22!-,(('/$&+,62!DL""I!
+6! LMNG! $68! LMN5! -,6-'6&($&+,6! :#'6! &:,! >+2+&2! 2'>'6! 8$?2! $%$(&! :'('! -,.%$('8! 12+6B!
.1/&+%/'C!9'$8!$(($?2J!O,!8$&$!+2!7,168!7,(!8+1(6$/!>$(+$&+,6!+6!-?&,P+6'!-,6-'6&($&+,6!12+6B!
QMLRS! #,:'>'(! +&! .$?! 9'! $221.'8! &#'! &('68! +2! 7,//,:'8! $2! &#'('! +2! '>+8'6-'! ,7! B,,8!
-,(('/$&+,62!9'&:''6!.1/&+%/'C!9'$8!$22$?2!$68!QMLRS! DQ/2#$/!$68!T-",?F!344GIJ!U#12! &#'!
8+1(6$/!$68!9'&:''6!>+2+&! 7/1-&1$&+,62!,7! LMN5!$('!16/+P'/?! &,!9'!$6! +67/1'6-'! +6! &#+2! 2&18?J!
06'! >$(+$9/'!:#+-#!:$2! 8+77+-1/&! &,! -,6&(,/!:$2! &#'! 81($&+,6! ,7! &#'! ,6'! 8$?! 'C%,21('! &,!
%'6-+/!'?'/+6'(!:#+-#!($6B'8!9'&:''6!=N5!#,1(2!,7!7+(2&!8$?!$%%/+-$&+,6J!!
U#'! 8+77+-1/&?! ,7! -,//'-&+6B! /$(B'! &'$(! 7/1+8! >,/1.'2!:+&#,1&! 2&+.1/$&+6B! ('7/'C! &'$(+6B! #$2!
('21/&'8!+6!168'(N2$.%/+6BF!+6!$88+&+,6!&,!2$.%/'!/,22F!7,(!LMNG!$6$/?2+2J!V1&1('!2&18+'2!-,1/8!
'.%/,?!&#'!W7/12#X!,(!W:$2#,1&X!&'-#6+Y1'!,7!&'$(!7/1+8!-,//'-&+,6!$2!$6!$/&'(6$&+>'!.'&#,8!
&,! 9$2$/! &'$(! -,//'-&+,6J!T$(P,1//+! "#! $%J! D34AAI! 7+(2&! >$/+8$&'8! &#+2! &'-#6+Y1'! :#'('! G4Z/!
2$/+6'! :$2! +62&+//'8! +6&,! &#'! +67'(+,(! 7,(6+C! $68! 7/1+8! 2$.%/'! +..'8+$&'/?! -,//'-&'8J! U#'!
('21/&2! +68+-$&'8!&#'!&,&$/!%(,7+/'!,7!%(,&'+62!8'&'-&'8! +6!&#'!&'$(! 7/1+8!:$2!-,.%$($9/'!&,!
9$2$/! &'$(! -,//'-&+,6J! [$P$(+$! "#! $%J! D34A3I! 7,168! &#'! -,6-'6&($&+,6! ,7! LMNG! 12+6B! &#+2!
&'-#6+Y1'! :$2! 2+B6+7+-$6&/?! ('81-'8! -,.%$('8! &,! 9$2$/! &'$(! -,//'-&+,6J! T,2&! ('-'6&/?F!
\1?'&&'!"#!$%&! D34A]I! 7,168!2&$&+2&+-$//?! 2+B6+7+-$6&!-,(('/$&+,62! +6!-?&,P+6'2!:+&#! 7/12#!$68!
9$2$/! &'$(! -,//'-&+,6! &'-#6+Y1'2F! $/&#,1B#! 7,168! $! 219&/'! 8+77'('6-'! 9'&:''6! $Y1',12!
8'7+-+'6-?! $68! 6,(.$/2J!^#+/'! &#'! -,6-'6&($&+,6! ,7! LMNG!.$?! 9'! 2/+B#&/?! /,:'(! &#$6! 9$2$/!
&'$(!7/1+8!-,//'-&+,6F!&#'!Y1$6&+&?!,7!7/1+8!-,//'-&'8!+2!2+B6+7+-$6&/?!B('$&'(F!'6$9/+6B!$!B('$&'(!
-#$6-'!,7!LMNG!8'&'-&+,6F!:#+-#!+2!%('2'6&!+6!&'$(!7/1+8!+6!.1-#!2.$//'(!$.,16&2!-,.%$('8!
:+&#!LMN5J!K,:'>'(F!$!.$_,(!8+2$8>$6&$B'!,7!+.%/'.'6&+6B!&#'!7/12#!&'-#6+Y1'!+6!&#+2!2&18?!
:,1/8! 9'! &#'! (+2P! ,7! :$2#+6B! %'6-+/! '?'/+6'(! +6&,! &#'! -,//'-&'8! &'$(! 7/1+8! 2$.%/'2J! L&! +2!
16P6,:6!#,:!&#'!-/$(+&?!,7!2$.%/'2!$77'-&2!QMLRS!,1&-,.'2F!$68!.'&#,82!,7!W%1(+7?+6BX!&#'!
&'$(!7/1+8!2$.%/'2!.$?!9'!('Y1+('8J!!
U#'! ('21/&2! 7(,.! &#+2! 2&18?! #$8! ,6'! ,1&/+'(! :#+-#! 8'.,62&($&'8! '/'>$&'8! LMNG! $68! N5!
-,6-'6&($&+,62!B('$&'(!&#$6!3!&+.'2!&#'!2&$68$(8!8'>+$&+,6J!U#'!('$2,6!7,(!&#+2!219_'-&!&,!
#$>'!21-#!'/'>$&'8!-?&,P+6'!-,6-'6&($&+,62!+2!16'2&$9/+2#'8!#,:'>'(!8$&$!+6!&#'!/+&'($&1('!
%('2'6&2! >$2&! ($6B'2! ,7! -?&,P+6'! -,6-'6&($&+,62! $.,6B2&! #'$/&#?! -,6&(,/2J! U#'! >,/16&''(!
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2'/'-&+,6!%(,-'71('! 8,(! &#+2! 2&179! '621('7! &#$&! $//! 21:;'-&2! #$7!6,!#+2&,(9! ,8! %('<+,12! ,(!
$-&+<'!,-1/$(!21(8$-'!%$&#,/,=9!$67!6,!#+2&,(9!292&'.+-!%$&#,/,=9>!?#'('!+2!2,.'!'<+7'6-'!
&#$&! ('2%+($&,(9! &($-&! <+(12'2@! %$(&+-1/$(/9! &#'! +68/1'6A$! <+(12@! 7'.,62&($&'! ,-1/$(! 21(8$-'!
&(,%+2.@! B+&#,1&! +6+&+$//9! .$6+8'2&+6=! $2! $6! ,-1/$(! 21(8$-'! 7+2'$2'! C0/,822,6! "#! $%&@! 344)D!
*'/2'(!"#!$%&@!34E3D!*'/2'(@!F,&$!$67!?1.%'9@!34EGH>!I&!.$9!:'!&#'!-$2'!&#$&!&#+2!21:;'-&!B+&#!
.$(J'7/9! +6-('$2'7! IKLM! $67! LN! -9&,J+6'2! +6! &'$(! 8/1+7!.$9! #$<'! :''6! +6,-1/$&'7!B+&#! $6!
+68/1'6A$!<+(12!B#+-#!#$7!6,&!.$6+8'2&!,6!&#'!,-1/$(!21(8$-'!,(!('2%+($&,(9!&($-&>!!
?#'!('21/&2!8(,.!&#+2!2&179!+67+-$&'!&#$&!&#'!12'!,8!%'6-+/!'9'/+6'(@!+6!-,6;16-&+,6!B+&#!'9'!
-,2.'&+-! ('.,<'(@!7,'2!6,&! $%%'$(! &,! +671-'! 21:-/+6+-$/! +68/$..$&+,6!,<'(! &#'!%'(+,7!,8!
&#'!2&179>!O#+/'!&#'!61.:'(!,8!2$.%/'2!$6$/92'7!+2!2.$//@!&#'2'!8+67+6=2!('8/'-&!&#'!6$&1('!
,8! &#'! 2$8'&9! ,8! &#'2'! %(,71-&2! $%%(,<'7! :9! &#'! PQ>!R,B'<'(@! &#'! ('71-&+,6! ,8! ('%,(&'7!
,-1/$(! -,.8,(&! $67! +6-('$2'! +6! 0STI! 2-,('2! #+=#/+=#&'7! +6! "#$%&'(! U! $67! V%%'67+W! XI!
+67+-$&'!,&#'(!%(,-'22'2!.$9!:'!,--1((+6=!B+&#!'9'/+6'(!$%%/+-$&+,6>!
?#+2!2&179!#$2!2#,B6!<$(+$&+,62!,8! +68/$..$&,(9!-9&,J+6'2!,--1(!B+&#!&#'!12'!,8!-,2.'&+-!
%'6-+/2! $67! '9'! -,2.'&+-! ('.,<'(2>! ?#'! ('71-&+,6! ,8! IKLN! $8&'(! 2#,(&L&'(.! CE! 7$9H! 12'! ,8!
'9'/+6'(! %'6-+/! .$9! :'! 71'! &,! ('8/'W! &'$(+6=! 71(+6=! &#'! $7$%&+,6! ,8! 12+6=! 6'B! -,2.'&+-!
%(,71-&2>! ?#'! ('-,<'(9! ,8! IKLN! -,6-'6&($&+,6! &,! 6'$(/9! :$2'/+6'! /'<'/2! 21=='2&2! /,6=L&'(.!
21:-/+6+-$/!-#$6='2!$('!6,&!%('2'6&!B+&#!%'6-+/!'9'/+6'(!12'>!?#12!-,2.'&+-!%(,71-&2!7,!6,&!
$%%'$(!&,!+671-'!$!-$2-$7'!,8!+68/$..$&,(9!'<'6&2!+6!#'$/&#9!21:;'-&2>!!
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! "#$%&'()#$(*+$,*-'.'/0*1#/2*
!34 560/+&&*%#$%&'()#$(*
6#'!%(27$(8!$27!-9!&#21!&#'121!:$1!&-!'1&$;,21#!&#'!27%$/&!-9!'8'!/-17'&2/!01$<'!-.!-/0,$(!
/-79-(&=! 2.+'1&2<$&'!&#'!72<($&2-.!-9!/-17'&2/!%(->0/&1!&#$&!$('!$%%,2'>!'?&'(.$,,8!$(-0.>!
&#'!'8'1=! >'&'(72.'! &#'! /,2.2/$,! '99'/&1! -9! '8'! /-17'&2/1! 01$<'!-.! &#'!-/0,$(! 10(9$/'! $.>!
&'$(! 92,7! $.>! &-! '?%,-('! $.8! 10;/,2.2/$,=! ;2-/#'72/$,! '99'/&1! ('10,&2.<! 9(-7! '8'! /-17'&2/1!
$%%,2/$&2-.@!6#21!&#'121!#$>!&#'!9-,,-:2.<!#8%-&#'1'1A!
• B8'! /-17'&2/! 01$<'! .'<$&2+',8! 27%$/&1! -/0,$(! /-79-(&=! $99'/&2.<! ;-&#! /-.&$/&!
,'.1! :'$('(1! C"DEF! $.>! .-.G/-.&$/&! ,'.1! :'$('(1! CH"DEF=! :2&#! "DE! ;'2.<!
$99'/&'>!&#'!<('$&'1&@!6#'!$%%,2/$&2-.!-9!/'(&$2.!&8%'1!-9!'8'!/-17'&2/1!/,-1'!&-!
&#'!-/0,$(!10(9$/'=!10/#!$1!'8',2.'(=!:2,,!/$01'!&#'!,$(<'1&!$7-0.&!-9!>21/-79-(&@!!
• E#'.! $%%,2'>! '?&'(.$,,8! $(-0.>! &#'! '8'1=! %'./2,! '8',2.'(! ('$>2,8! /-.&$72.$&'1!
&#'! &'$(! 92,7=! %$(&2/0,$(,8! :#'.! $%%,2'>! :2&#! /,-1'(! %(-?272&8! &-! &#'! -/0,$(!
10(9$/'!
• I'./2,! '8',2.'(! $%%,2'>! ;'#2.>! &#'! ,$1#! ,2.'! :2,,! 7-1&! ,2J',8! 2.>0/'! /,2.2/$,,8!
>'&'/&$;,'!/#$.<'1!$99'/&2.<!&'$(!K0$,2&8!$.>!1&$;2,2&8!$1!2&!('$>2,8!72<($&'1!2.&-!
&#'!&'$(!92,7=!/-7%$('>!&-!:#'.!2&!21!$%%,2'>!$,-.<!%'(2G-/0,$(!1J2.@!6#'1'!/,2.2/$,!
/#$.<'1!:2,,!;'!7-('!-;+2-01!:2&#!,-.<'(!>0($&2-.!-9!'8',2.'(!01$<'@!!
• 6#'!$%%,2/$&2-.!-9!%'./2,!'8',2.'(!:2,,!2.>0/'!2.9,$77$&2-.!-9!&#'!-/0,$(!10(9$/'=!
$&!10;/,2.2/$,!,'+',1@!6#'!$7-0.&!-9!2.9,$77$&2-.!:2,,!;'!7-('!-;+2-01!:2&#!&#'!
$%%,2/$&2-.! -9! %'./2,! '8',2.'(! ;'#2.>! &#'! ,$1#! ,2.'! $.>!:2&#! ,-.<'(! >0($&2-.! -9!
'8',2.'(!01$<'@!!
6#'1'! #8%-&#'1'1! :'('! &'1&'>! :2&#! $! 1'(2'1! -9! 1&0>2'1=! >-/07'.&'>! 9(-7! "#$%&'(! 3! &-!
"#$%&'(!L@!"#$%&'(!3!'?$72.'>!&#'!('10,&1!-9!$.!-.,2.'!10(+'8!2.+'1&2<$&2.<!/-17'&2/!01$<'!
2.!$!MN!%-%0,$&2-.@!6#21!:$1!0.>'(&$J'.! &-!'+$,0$&'! &#'! 27%$/&!-9!%-&'.&2$,! 2110'1!:#2/#!
7$8!;'!0./-+'('>!;8! 10;1'K0'.&!'?%'(27'.&1! 2.! &#21! &#'121@! 6#'! ('10,&1! 9(-7! &#21! 10(+'8!
/-.92(7'>! &#'! '?&'.12+'! 01'! $.>! %-%0,$(2&8! -9! '8'! /-17'&2/! 01$<'! 2.! $! MN! %-%0,$&2-.@!
O>>2&2-.$,,8=!&#'!('10,&1!1#-:'>!'8'!/-17'&2/!01$<'!#$;2&1!2.!"DE!$.>!H"DE!>2>!.-&!>299'(@!
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*/0,$(!/-56-(&!7$1!5'$10('8!012.9!&7-!1/$,'1!2.!&#'!10(+':;!%'(/'2+'8!-/0,$(!/-56-(&!<$.!
-(82.$,! 1/$,'! 6(-5! =! &-! 4=>! $.8! &#'! *?@A! B0'1&2-..$2('C! D5-.91&! ':'! /-15'&2/! 01'(1E!
%'(/'2+'8! -/0,$(! /-56-(&!7$1! 129.262/$.&,:! ('80/'8!7#'.! /-15'&2/1!7'('! 01'8C!F#2,'! $.!
2./('$1'! 2.! *?@A! 1/-('1E! $! 5'$10('! -6! 8(:! ':'! 1:5%&-5! 1'+'(2&:E! 7$1! 6-0.8! $5-.91&!
/-15'&2/!01'(1E!&#21!7$1!.-&!1&$&21&2/$,,:!129.262/$.&C!D882&2-.$,,:E!"GF!7#-!/#-1'!&-!.-&!01'!
':'!/-15'&2/1!#$8!9('$&'(!*?@A!1/-('1!<2C'C!7-(1'!8(:!':'!1:5%&-51>!&#$.!"GF!7#-!$%%,2'8!
':'! /-15'&2/1C! H#21! 21! &#-09#&! &-! I'! 80'! &-! 1',6J1','/&2-.;! "GF! 7#-! $,('$8:! 'K%'(2'./'!
821/-56-(&!72&#! (',$&2-.! &-!"G!7'$(!5$:!/#--1'! &-!$+-28!':'!/-15'&2/1! 2.! 6'$(!-6! 60(&#'(!
'K$/'(I$&2.9!8(:!':'! 1:5%&-51C!H#'! 6('B0'./:!-6!':'! /-15'&2/1!01$9'!828!.-&!$%%'$(! &-!
#$+'! $.! 25%$/&! 0%-.! *?@A! 1/-('1C! H#'! 01'! -6! ':',2.'(! 7$1! -6! %$(&2/0,$(! 2.&'('1&! 2.! &#21!
&#'121E! $1! &#21! %(-80/&E! -0&! -6! $,,! ':'! /-15'&2/! %(-80/&1E! 21! /-55-.,:! $%%,2'8! 72&#! &#'!
/,-1'1&! %(-K252&:! &-! &#'! -/0,$(! 10(6$/'C! H#'! ('10,&1! 6(-5! &#'! 10(+':! 1#-7'8! &#'! 01'! -6!
':',2.'(! 129.262/$.&,:! 2./('$1'8! 8(:! ':'! 1:5%&-51E! %$(&2/0,$(,:! 7#'.! L"GF! 01'8! &#'!
%(-80/&! ('90,$(,:! <8'62.'8! $1! 01$9'! M! &#(''! &25'1! $! 7''N>C! G$1&,:E! &#'! -.,2.'! 10(+':!
'K$52.'8! &#'! -%2.2-.1! -6! /-15'&2/! 01'(1C! H#'! ('10,&1! 2.82/$&'8! &#$&! /-15'&2/! 01'(1! 72&#!
.'9$&2+'! %'(/'%&2-.1! -6! #-7! ':'! /-15'&2/1! 5$:! $66'/&! -/0,$(! #'$,&#! $.8! 7',,I'2.9!
'K%'(2'./'8!&#'!9('$&'1&!$5-0.&!-6!-/0,$(!821/-56-(&!7#'.!012.9!':'!/-15'&2/1C!
D.'/8-&$,! ('%-(&1! 6(-5!':'!/$('!%($/&2&2-.'(1!-6&'.!.-&'! &#'!-I1'(+$&2-.!-6!':'!/-15'&2/!
%(-80/&1!/-.&$52.$&2.9!&#'!&'$(!62,5!$.8!/-.&$/&!,'.1'1!-6!%$&2'.&1C!"#$%&'(!O!8'1/(2I'8!$.!
'K%'(25'.&! -I1'(+2.9! $.8! B0$.&26:2.9! &#'! 529($&2-.! -6! %'./2,! ':',2.'(! $%%,2'8! $>! &-! &#'!
%'(2J-/0,$(! 1N2.! $.8! I>! I'#2.8! &#'! ,$1#! ,2.'! $1! %(--6! -6! /-./'%&C!F#2,'! &#'! 529($&2-.! -6!
':',2.'(!6-,,-72.9!$%%,2/$&2-.!&-!&#'!%'(2J-/0,$(!1N2.!828!-//0(E!&#'!529($&2-.!-6!':',2.'(!7$1!
/-5%$($&2+',:!1,-7'(!$.8!&#'!/-.&$52.$&2-.!7$1! ,'11!/-5%$('8!&-!7#'.!&#'!%(-80/&!7$1!
$%%,2'8!I'#2.8!&#'!,$1#!,2.'C!H#21!62.82.9!,'8!&-!$!62.$,!/,2.2/$,!1&08:!7#2/#!7$1!/-.128'('8!2.!
&7-!1'%$($&'!%$(&1!<"#$%&'(!P!$.8!"#$%&'(!Q>C!
H#'! 62.$,! 1&08:! 2.! &#21! &#'121! 2.+-,+'8! $! ($.8-521'8! /(-11-+'(! &(2$,! -6! 3P! 10IR'/&1C! S$/#!
10IR'/&!01'8!/-15'&2/!%'./2,!':',2.'(!6-(!80($&2-.!-6!-.'!7''N!2.!'$/#!':',2.'(!$%%,2/$&2-.!
5'&#-8;! $>! $%%,2'8! &-! &#'! %'(2J-/0,$(! 1N2.! <SG*>! $.8! I>! I'#2.8! &#'! ,$1#! ,2.'! <SGA>C! S$/#!
10IR'/&!7$1!$11'11'8! 6-(! /,2.2/$,! 129.1!-6! 2.6,$55$&2-.!$.8!-/0,$(! 10(6$/'! 1&('11! <('8.'11E!
-/0,$(! 10(6$/'! 1&$2.2.9>E! -/0,$(! /-56-(&! $.8! &'$(! 62,5! %$($5'&'(1! <B0$,2&:! $.8! 1&$I2,2&:>C!
?0IR'/&1!7'('!$11'11'8!6-,,-72.9!-.'!8$:!$.8!1'+'.!/-.1'/0&2+'!8$:1!-6!':',2.'(!01$9'!&-!
! ! "#$%&'(!)!*+'($,,!"-./,012-.1!
!
343 
 
'5$62.'!1#-(&7!$.8!,-.97&'(6!/#$.9'1:!('1%'/&2+',;<!=&!>$1!#;%-&#'121'8!&#$&!&#'!01$9'!-?!
';',2.'(:! %$(&2/0,$(,;! 2.! @A=! $%%,2/$&2-.:! >-0,8! 2.80/'! 62,8! /,2.2/$,! 129.1! -?! 2.?,$66$&2-.!
>#2/#!>-0,8!B'!6-1&!'+28'.&!$?&'(! ,-.97&'(6!01$9'<!C#'1'!129.1!>'('!.-&!'5%'/&'8!&-!B'!
6$(D'8!$1! &#'!/-16'&2/!';',2.'(!%'./2,!#$8! &-! /-.?-(6! &-! 1&$.8$(81! 1'&!B;! &#'!@0(-%'$.!
"-662112-.! ?-(! /-16'&2/! %(-80/&! 1$?'&;<! C#'! -0&/-6'1! ?(-6! &#'! /,2.2/$,! -B1'(+$&2-.1!
?-(6'8! &#'!B$121!-?!"#$%&'(!E<!C#'! ('10,&1! 1#->'8! &#$&! /,2.2/$,! 129.1!-?! 2.?,$66$&2-.!$.8!
-/0,$(! 10(?$/'! 1&('11!>'('!.-&!8'&'/&$B,'!$?&'(!-.'!-(! 1'+'.!/-.1'/0&2+'!8$;1!-?!';',2.'(!
01$9'! 2.! '2&#'(! $%%,2/$&2-.! 6'&#-8<! F->'+'(:! ('%'$&'8! 01$9'! -?! @A=! 2./('$1'8! &'$(! ,2%28!
,$;'(! &#2/D.'11:! $,&#-09#! .-! /,2.2/$,,;! 129.2?2/$.&! /#$.9'1! 2.! &'$(! 1&$B2,2&;! >'('! -B1'(+'8<!
G'%'$&'8! 01$9'! -?! @A=! $,1-! ('10,&'8! 2.! 8'/('$1'8! -/0,$(! /-6?-(&! $.8! 2./('$1'8! 8(;! ';'!
1;6%&-61:!6'$10('8!>2&#!&#'!*HI=!J0'1&2-..$2('<!K,&#-09#!.-!/,2.2/$,,;!129.2?2/$.&!/#$.9'1!
>'('! 8'&'/&'8:! 2&! >$1! #;%-&#'121'8! &#'! ('%-(&1! -?! 8'/('$1'8! -/0,$(! /-6?-(&! $(-1'! ?(-6!
10B/,2.2/$,! 6'$10('1! -?! 2.?,$66$&2-.! >#2/#! >-0,8! B'! $%%$('.&! 2.! &#'! '5%('112-.! -?!
/;&-D2.'1!%('1'.&!2.!&'$(!?,028<!!!!
"#$%&'(!L!8'1/(2B'1!&#'!B2-/#'62/$,!2.+'1&29$&2-.1!-?!&'$(!?,028!?-,,->2.9!';',2.'(!01$9'!$.8!
10B1'J0'.&!629($&2-.! &-! &#'! -/0,$(! 10(?$/'<! =.! -(8'(! &-! '??'/&2+',;! $.$,;1'! &#'! &'$(! ?,028:!
-%&2621$&2-.! -?! '.M;6'7,2.D'8! 2660.-1-(B'.&! $11$;! N@A=HKO! %(-&-/-,1! >'('! 0.8'(&$D'.<!
C#'! -%&2621$&2-.! >$1! /-.80/&'8! &-! 8'&'(62.'! $O! >#2/#! 2.?,$66$&-(;! /;&-D2.'1! >'('!
8'&'/&$B,'!2.!&'$(!?,028!BO!&#'!82,0&2-.1!-?!&'$(!?,028!('J02('8!&-!-B&$2.!8'&'/&$B,'!('10,&1!;'&!
6$52621'!&#'!.06B'(!-?!-B1'(+$&2-.1<!P(-6!&#'!('10,&1!-?!&#'!-%&2621$&2-.!1&08;:!=A7)!$.8!
=A7Q!>'('!8'/28'8! &-!B'! &#'! /;&-D2.'1!-?! /#-2/'! ?-(! ?0(&#'(! 2.+'1&29$&2-.<!I0(2.9! &#'! ?2.$,!
1&08;!N2.!>#2/#!&#'!/,2.2/$,!-B1'(+$&2-.1!>'('!8'1/(2B'8!2.!"#$%&'(!LO:!$!1$6%,'!-?!&'$(!?,028!
>$1!/-,,'/&'8!?(-6!'$/#!10BR'/&!$&!'$/#!+212&!&-!$11'11!&#'!/-./'.&($&2-.1!-?!2.?,$66$&-(;!
/;&-D2.'!/-./'.&($&2-.1<! =A7Q!/-./'.&($&2-.1!>'('!$11'11$B,'! 2.!4L!-0&!-?!3E!10BR'/&1<! =A7Q!
/-./'.&($&2-.! ('80/'8! $?&'(! 1#-(&7&'(6! 01'! -?! ';',2.'(! %'./2,! 2.! @A*! $.8! @A=! $%%,2/$&2-.:!
>#2/#!6$;! #$+'! B''.! 80'! &-! ('?,'5! &'$(2.9! 80(2.9! &#'! $8$%&2-.! -?! 012.9! $! .'>! /-16'&2/!
%(-80/&<!C#21!6$;!B'!$.!$(&'?$/&!>2&#2.!&#'!8$&$!80'!&-!-.'!%$(&2/2%$.&!#$+2.9!'5/''82.9,;!
#29#! =A7Q! /-./'.&($&2-.! $&! B$1',2.'<! C#01! %'./2,! ';',2.'(:! 01'8! 2.! /-.R0./&2-.! >2&#! ';'!
/-16'&2/! ('6-+'(:! 828! .-&! $%%'$(! &-! 2.80/'! $! /$1/$8'!-?! 2.?,$66$&-(;! '+'.&1! 2.! #'$,&#;!
10BR'/&1<!I0'!&-!2.$8'J0$&'!&'$(!?,028!/-,,'/&2-.!?(-6!1-6'!10BR'/&1!$.8!10B,26$&2-.!-?!&'$(!
?,028!1$6%,'1!>#2/#!/$.!-//0(!80(2.9!,-.97&'(6!?,028!1&-($9'!$&!7QST":!&#'!8'&'/&2-.!-?!=A7)!
! ! "#$%&'(!)!*+'($,,!"-./,012-.1!
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6$1! ,'11! 10//'1170,! $.8!.-! 72(9!/-./,012-.1! /$.!:'!8($6.! 7(-9! &#'!$+$2,$:,'!8$&$;! <&!6$1!
#=%-&#'121'8!&#$&!&#'!8'/('$1'!2.!-/0,$(!/-97-(&!6$1!$1!$!('10,&!-7!2./('$1'8!2.7,$99$&-(=!
9$(>'(1! %('1'.&! 2.! &'$(! 7,028;! ?2./'! &#'! /-./'.&($&2-.! -7! <@A)! $.8! <@AB!6'('! .-&! ','+$&'8!
7-,,-62.C! %'./2,! '=',2.'(! 01$C'D! 2&! 21! $.&2/2%$&'8! &#$&! &#'! ('80/&2-.! 2.! -/0,$(! /-97-(&! 21!
/$01'8!:=!-&#'(!9'/#$.2191;!
<.!1099$(=D!&#21!&#'121!7-0.8E!!
• F='!/-19'&2/!01$C'!.'C$&2+',=!29%$/&1!-/0,$(!/-97-(&D!$77'/&2.C!"@G!$.8!H"@G;!
I#'!$%%,2/$&2-.!-7!/'(&$2.!&=%'1!-7!'='!/-19'&2/1!/,-1'!&-!&#'!-/0,$(!10(7$/'D!10/#!
$1!'=',2.'(!6$1!7-0.8!&-!/$01'!$!12C.272/$.&!('80/&2-.!2.!/-97-(&;!!
• G#'.!$%%,2'8!'J&'(.$,,=! $(-0.8! &#'!'='1D!%'./2,! '=',2.'(! ('$82,=! /-.&$92.$&'8!
&#'! &'$(! 72,9;!K2C($&2-.!6$1!9$J29$,!6#'.!'=',2.'(! 21! $%%,2'8!:'#2.8! &#'! ,$1#!
,2.';!
• G#'.!'=',2.'(!6$1!$%%,2'8!:'#2.8!&#'!,$1#!,2.'!-(!&-!%'(2A-/0,$(!1>2.D!&#'!/,2.2/$,!
12C.1!-7! 2.7,$99$&2-.!$.8!-/0,$(!10(7$/'!1&('11!6'('!92.29$,D!'+'.!$7&'(!1'+'.!
8$=1! -7! /-.1'/0&2+'! $%%,2/$&2-.;! @2%28! ,$='(! &#2/>.'11! 2./('$1'1! $7&'(! ('%'$&'8!
$%%,2/$&2-.! -7! '=',2.'(! $,-.C! &#'! K"L! #-6'+'(! 29%(-+'9'.&1! 2.! &'$(! 1&$:2,2&=!
6'('!.-&!'+28'.&;!!
• ?'+'.! /-.1'/0&2+'! 8$=1! -7! %'./2,! '=',2.'(! $%%,2/$&2-.D! 2.! /-.M0./&2-.! 62&#! '='!
/-19'&2/! ('9-+'(D! 828! .-&! 2.80/'! 2.7,$99$&2-.! -7! &#'! -/0,$(! 10(7$/'D! $&!
10:/,2.2/$,!,'+',1;!!
!"# $%&%'()*+,-./--,0&*
I#21! &#'121!#$1!1#-6.!/-.&$92.$&2-.!-7! &#'!&'$(! 72,9!-//0(1!9-1&! ('$82,=!6#'.!'=',2.'(! 21!
$%%,2'8!:'#2.8!&#'!,$1#!,2.';!I#21!6$1!8'&'(92.'8!:=!&#'!-:1'(+2.C!#2C#,=!%2C9'.&'8!C,2&&'(!
%$(&2/,'1! %('1'.&! 2.! /-19'&2/! %'./2,! '=',2.'(;! K2C($&2-.! -7! '='! /-19'&2/1! $%%,2'8! &-!
%'(2A-/0,$(!1>2.!6$1!$,1-!1#-6.!&-!-//0(D!#-6'+'(!$&!$!1,-6'(!($&';!I#21!1&08=!6-0,8!#$+'!
:'.'72&'8! 7(-9! &'$(! 7,028!$.$,=121!-+'(! &#'!%'(2-8!-7!$.&'(2-(!'='!-:1'(+$&2-.;!N.$,=121!-7!
&'$(!7,028!012.C!#2C#!%'(7-(9$./'!,2O028!/#(-9$&-C($%#=!PQR@"S!6-0,8!$,,-6!&#'!8'&'/&2-.!
-7!/-19'&2/!%(-80/&!/#'92/$,1!/-.&$92.$&2.C!&#'!&'$(!7,028;!QR@"!/-0,8!$,1-!:'!%'(7-(9'8!
-.!&'$(!7,028!6#'.!.-!%2C9'.&'8!C,2&&'(!%$(&2/,'1!$('!.-!,-.C'(!+212:,'!$1!2&! 21!%-112:,'!&#$&!
1-9'!-7!&#'!/#'92/$,!%(-80/&1!9$=!1&2,,!('128'!62&#2.!&#'!&'$(1D!-.!&#'!-/0,$(!10(7$/'!$.8!2.!
! ! "#$%&'(!)!*+'($,,!"-./,012-.1!
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&#'!/0,67'61$/!$8&'(!$,,!%$(&2/,'1!#$+'!9''.!/,'$('7:!;,&#-0<#!&#'!12='!-8!%2<>'.&'7!%$(&2/,'1!
>$?! /$01'! $! /#$.<'! 2.! -/0,$(! 10(8$/'! /->8-(&!>'$10('1@! ('1270$,! /#'>2/$,1! $(212.<! 8(->!
/-1>'&2/!%(-70/&1!>$?!$,1-!2.70/'!&#21!/#$.<':!A-(!'B$>%,'@!/$1&-(!-2,!'?'!7(-%1!#$+'!9''.!
7'&'/&'7! 2.! &'$(! 8,027! 012.<! CDE"! 0%! &-! 8-0(! #-0(1! %-1&62.1&2,,$&2-.! FG$211$! "#! $%&@! 3H4HI:!
A0(&#'(>-('@! &#'!-91'(+$&2-.!-8!'?',2.'(!%'./2,! 2.!"#$%&'(!5!J$1!/-.70/&'7!-.!"$0/$12$.!
109K'/&1:! D$&2'.&1! -8! L-0&#! M$1&! ;12$.! 7'1/'.&! -8&'.! #$+'! 7288'('.&! -/0,$(! $.$&->2/$,!
8'$&0('1@!2./,072.<!'%2/$.&#$,!8-,71@!1#-(&'.'7!10%($&$(1$,!/('$1'1!$.7!,$1#!%&-121!FG$,2N!"#!
$%&@! 3HHOP! E''! "#! $%&@! 3H4QI:! R#'1'! 8'$&0('1!>$?! #$+'! '88'/&! 0%-.! &#'! 1%''7! -8! /-1>'&2/!
%(-70/&!>2<($&2-.:!!!
R#'!01$<'!-8!'?'!/-1>'&2/1!$%%,2'7!/,-1'!&-!&#'!-/0,$(!10(8$/'!#$1!$!>2.2>$,!2>%$/&!0%-.!
/,2.2/$,! -91'(+$&2-.1! $.7! ('%-(&'7! -/0,$(! /->8-(&! 2.! $! 1>$,,! 1$>%,'! -8! ?-0.<@! #'$,&#?!
+-,0.&''(1:! S.! &#21! &#'121@! &#'!>$B2>$,!70($&2-.!-8! 1'+'.!/-.1'/0&2+'!7$?1!-8!'?',2.'(!$.7!
'?'! /-1>'&2/! ('>-+'(! 01$<'! >$?! .-&! 9'! ,-.<! '.-0<#! &-! -91'(+'! $.?! /,2.2/$,! F-(!
2>>0.-,-<2/$,I!/#$.<'1:!S./('$12.<!&#'!70($&2-.!-8!'?',2.'(!01$<'!2.!80&0('!J-(N!J-0,7!9'!
9'.'82/2$,@! %$(&2/0,$(,?! $1! THU! -8! ('1%-.7'.&1! &-! &#'! -.,2.'! 10(+'?! ('%-(&'7! 012.<! '?'!
/-1>'&2/1!$&!,'$1&!Q6V!&2>'1!$!J''N:!;772&2-.$,,?@!2&!21!$.&2/2%$&'7!&#$&!/,2.2/$,!-91'(+$&2-.1!
>$?! 9'! <('$&'(! 2.! $! /-#-(&! -8! -,7'(! %$&2'.&1!J2&#! 7(?! '?'! 12<.1! $.7! 1?>%&->1! &#'('8-('!
'B&'.72.<!&#'!$<'!($.<'!-8!%$&2'.&1!J-0,7!9'!9'.'82/2$,!2.!80&0('!1&072'1:!S&!21!2.&'('1&2.<!&-!
.-&'! &#$&! &#'! '88'/&! -8! $.! 2./('$1'! 2.! &'$(! ,2%27! ,$?'(! &#2/N.'11! J$1! -91'(+'7! -.,?! $8&'(!
('%'$&'7! 01'! -8! MES@! $,&#-0<#! W-.8'((-.2! /-(('/&2-.1! 8-(! >0,&2%,'! /->%$(21-.1! J'('! .-&!
>$7'!70(2.<!&#'!1&$&21&2/$,!$.$,?121!-8!&#21!1&07?:!R#21!>$?!#$+'!-//0(('7!70'!&-!2./('$1'7!
>$.2%0,$&2-.1!-8!&#'!'?',27!>$(<2.1!J2&#!MES!$%%,2/$&2-.:!A2(1&,?@!&#'!7$2,?!$%%,2/$&2-.!-8!MES!
>$?!#$+'!('10,&'7!2.!$.!','>'.&!-8!'?',27!>$(<2.!7'9(27'>'.&@!$!8-(>!$!>'29->2$.!<,$.7!
7?180./&2-.!&#'($%?!J#2/#!#$1!9''.!1#-J.!&-!#$+'!&#'($%'0&2/!9'.'82&1!2.!&#'!>$.$<'>'.&!
-8!7(?!'?'!721'$1'!FW,$/N2'!$.7!X-(9@!3H4QI:!L'/-.7,?@!&#'!('%'$&'7!('<0,$(!('>-+$,!-8!MES!
J2&#!>$N'60%! ('>-+'(!>$?!#$+'!/$01'7! 2.$7+'(&'.&!Y'?',27!>$11$<2.<Z@!$.-&#'(! 8-(>!-8!
&('$&>'.&! 2.! &#'! >$.$<'>'.&! -8! >'29->2$.! <,$.7! 7?180./&2-.! F[''(,2.<! "#! $%&@! 3H44I:!
R#'('8-('@! &#'! .'<$&2+'! /-..-&$&2-.1! $11-/2$&'7! J2&#! '?'! /-1>'&2/1! 01$<'! 8-0.7! 2.! &#'!
-.,2.'!10(+'?!/-0,7!9'!('+'(1'7!28!'?',2.'(!01$<'!/-0,7!9'!01'7!$1!$!8-(>!-8!7(?!'?'!&#'($%?:!
\#$&!#$1!9''.!%('+2-01,?!9''.!7'1/(29'7! 2.! &#'! ,2&'($&0('! 21! &#'! ('70/&2-.!-8!>'29->2$.!
<,$.7!-91&(0/&2-.1! 8-,,-J2.<! ('<0,$(!01'!-8!/$1&-(!-2,!'?'!7(-%1! F[-&-! "#!$%&@!3HH39I:!\2&#!
! ! "#$%&'(!)!*+'($,,!"-./,012-.1!
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&#'!#26#!,2%27!/-.&'.&!2.!'8',2.'(!%'./2,19!:'2;0:!,2%271!/$%%2.6!&#'!:'2;-:2$.!-(2<2/'1!:$8!
;'!;(-='.!7->.!>2&#!,2%27?;$1'7!'8',2.'(!%'./2,19!2.!$!12:2,$(!>$8!,2%271!$('!;(-='.!7->.!;8!
1';0:!2.!1=2.!@A$0&'.1/#,B6'(9!3CCDEF!!
G#'!('10,&1! <(-:!&#'!;2-/#':2/$,! 2.+'1&26$&2-.1!1066'1&'7!&#$&!1'+'.!7$81!-<!'8',2.'(!$.7!
'8'!/-1:'&2/! (':-+'(!01$6'!7-'1!.-&! 2.70/'!$.! 2.<,$::$&-(8! ('1%-.1'F!G#21!/-.<-0.7'7!
&#'!#8%-&#'121! &#$&!1&$&'7!&#$&!$.! 2./('$1'! 2.! 2.<,$::$&-(8!/8&-=2.'1!>-0,7!-//0(9!$1! &#'!
-/0,$(!10(<$/'!>-0,7!('/-6.21'!&#'!/#':2/$,1!%('1'.&!2.!'8',2.'(!<-(:0,$&2-.1!&-!;'!<-('26.!
$.7! 10;1'H0'.&,8! /$012.6! $! ('70/&2-.! 2.! -/0,$(! /-:<-(&F! G#'! 1:$,,! 1$:%,'! 12I'! <-(! &#'!
2::0.-,-62/$,!2.+'1&26$&2-.!:$='1!$!<2(:!/-./,012-.!('6$(72.6!&#21!-;1'(+'7!&('.7!72<<2/0,&!
J! $! ,$(6'(! 1$:%,'! 12I'! >-0,7! :$='! <-(! $! :-('! (-;01&! /-./,012-.9! %$(&2/0,$(,8! <-(! KA?)!
2.+'1&26$&2-.1F!K<!2.7''7!.-!2.<,$::$&-(8!/$1/$7'!21!2.70/'7!>2&#!('%'$&'7!'8',2.'(!01'9!&#21!
<0(&#'(!':%#$121'1!&#'!.$&0('!-<!&#'!1$<'&8!-<!&#21!/-1:'&2/!'8',2.'(!%'./2,! <-(!1$,'! 2.!&#'!
LM!$.7!:$8!<0(&#'(!10%%-(&!&#'!%-&'.&2$,!&#'($%'0&2/!;'.'<2&19!$1!$,('$78!721/011'7F!!!!!
G#21!&#'121!<-/011'7!%(2:$(2,8!-.!/-1:'&2/!%'./2,!'8',2.'(!70'!&-!&#'!.$&0('!-<!$%%,2/$&2-.F!
G#'! ('10,&1!-<! &#'!-.,2.'! 10(+'8! 2.72/$&'7! &#$&!.-&!-.'! ('1%-.7'.&!01'7!-.,8!-.'! &8%'!-<!
'8'!/-1:'&2/!%(-70/&F! K.!1-:'! 2.1&$./'19! &#'!01$6'!-<!1'+'($,!'8'!/-1:'&2/!%(-70/&1!:$8!
/$01'!$.!$,&'($&2-.!2.!-/0,$(!/-:<-(&9!($&#'(!-.'!1-,'!%(-70/&F!!
!"# $%&%'()*+',)
N.&2/2%$&'7!<0&0('!>-(=1!<-,,->2.6!&#21!&#'121!2./,07'O!
• PQ$:2.2.6! &#'! %('1'./'! -<! %'./2,! '8',2.'(! 2.! &'$(! <,027! 012.6! RSA"!
"-.70/&2.6! RSA"! $.$,8121! -.! &'$(! <,027! 1$:%,'1! >-0,7! .-&! -.,8! ('2.<-(/'! &#'!
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Abstract
Purpose: Eye cosmetics usage is commonplace and whilst some products such as
eyeliner are applied with close proximity to the ocular surface, there is little
knowledge of the short- and long-term ocular effects of eye cosmetic formula-
tions. This study aimed to investigate the use of eye cosmetics and identify any
relationships between ocular comfort and cosmetic usage.
Methods: Results were collated from an online survey comprising 23 questions
that recorded demographics, Ocular Surface Disease Index (OSDI) score, extent
and range of eye cosmetic use and perceived comfort differences with and without
eye cosmetics.
Results: The 1360 female respondents (median age 25, interquartile range 20–
34 years) completed the survey; 83% reported using eye cosmetics regularly (! 3
times per week) with mascara being most commonly used. Fifty three per cent
used at least three different eye cosmetics products regularly. OSDI scores of cos-
metics users were similar to non-users (p = 0.083), but perceived comfort was
greater when cosmetics were not used (p < 0.001). In occasional cosmetics users
(use of products < 3 times per week), 65% reported a reduction in comfort when
cosmetics were used. Median OSDI scores suggested a trend towards reduced
comfort amongst eyeliner users (p = 0.07) although frequency and type of cos-
metic products used did not appear to influence OSDI scores.
Conclusions: This study shows the use of multiple eye cosmetics is extensive and
associated with the perception of ocular discomfort. With such widespread use of
these products, more research is required to assess the effect on the ocular surface
and tear film, which may be underestimated.
Introduction
Eye cosmetics are part of everyday life around many parts
of the world. Women and men judge eye cosmetic use as a
factor in facial attractiveness1 and the psychosocial, and
even economic impact of cosmetics use is well docu-
mented.2 The cosmetics market is certainly large, with UK
sales ranking fourth in Europe, exceeding €8.5 billion.3
Indeed, Mintel have reported a 38% increase in eye cos-
metic sales since 2004.4
Lead toxicity and changes in conjunctival and periocular
pigmentation are documented complications arising from
the use of kohl, commonly used in Indian and Middle East-
ern cultures,5–8 but there is little published literature that
reviews the long term side effects of Western eye cosmetic
use. All cosmetic products manufactured for sale in Europe
must undergo rigorous safety assessments to comply with
the European Cosmetics directive (76/768/EEC) to ensure
that the product does not cause harm to human health.
There are several reported cases where the use of Western
formulations of mascara and eyeliner have caused increased
conjunctival pigmentation, ranging from diffuse pigmenta-
tion of the tarsal conjunctiva and conjunctival fornices to
discrete, punctate deposits.9–11 However these publications
are dated in light of modern cosmetic product formula-
tions. More recently, there have been case studies reporting
the accumulation of cosmetic products within the lacrimal
system and on the ocular surface which have resembled
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melanomas.12–14 However, the reported and published inci-
dence of these unusual circumstances are rare compared
with the incidence of allergic contact dermatitis (ACD)
around the eyelids caused by cosmetics use, which is
approximately 4%.15 Preservatives and fragrances added to
products are the primary causative agents of cosmetic ACD
and irritant contact dermatitis.16,17 If cosmetic products
induce a dermatological reaction, a localised response
involving redness, swelling, small vesicles/blisters and
sweating may be present which may generate a range of
symptoms including tingling, burning, tightness, itchiness
or pain.18–20
Although regulated eye cosmetic products should cause
no harm or morbidity to the ocular surface, mild undesir-
able effects may go undetected or unreported – presumably
many consumers simply choose to omit the use of incom-
patible products from their daily regime.17 There is no pub-
lished evidence about any association between ocular
comfort and use of cosmetics. This is of particular interest
because of the known association between ocular comfort
and quality of life. Dry eye patients have higher scores relat-
ing to anxiety and depression than those without the condi-
tion21 and even in those who have good vision, dry eye
symptoms have a significantly negative impact on the qual-
ity of life.22 Although the influence of external factors such
as the regular use of eye cosmetics upon dry eye symptoms
have been suggested to cause symptoms of dryness and dis-
comfort,23,24 these findings are not yet well established. The
mechanisms of eye irritation is unproven but potentially
arises from several factors: particles and pigments from cos-
metic products may cause foreign body sensations and may
reduce tear film stability, the presence of preservatives and
fragrances may induce toxic and allergic responses25 and
may also play a role in altering tear film pH and osmolarity.
The way in which eye cosmetics are applied in the Wes-
tern world is largely dictated by fashion trends and personal
preference. Of particular interest is the use of kohls and
eyeliners. Traditional kohl is applied within the mucocuta-
neous junction (Figure 1a) in many Eastern cultures as it
was once believed that this reduced the effects of glare in
sunny climates.26 Alternatively, eyeliner is also commonly
applied outside the eyelash line, directly onto periorbital
skin (Figure 1b).
There is evidence of the migration of cosmetic products
into the tear film when applied to periorbital skin,27 result-
ing in contamination of the tear film. Cosmetics such as
eyeliner can be applied with even closer proximity to the
ocular surface when used along the lid margin and over the
meibomian glands (Figure 1a). Meibomian gland dysfunc-
tion (MGD) is a major cause of dry eye disease.28 However,
to date, there are no published data reporting the changes
in ocular comfort when such eye cosmetics are used within
the mucocutaneous junction.
This paper reports the results from a UK survey that
aimed to investigate the use of eye cosmetics and identify
any relationships between perceived ocular comfort and cos-
metic usage. The use of eyeliner was also explored as it is
hypothesised that the position of application of these prod-
ucts may result in differences in reported levels of ocular
comfort due to migration of products around the eyelid
margin.
Methods
An online survey was designed using the Bristol Online
Survey software tool (http://www.survey.bris.ac.uk) and
hosted on the Cardiff University network. An initial focus
group of eye care professionals and lay persons reviewed
initial survey designs before the final survey of 22 questions
was established, which are summarised in Table 1. The ini-
tial 10 questions collected subject demographics, followed
by questions to elicit information about the type and
frequency of eye cosmetic use, and to calculate an Ocular
Surface Disease Index (OSDI) score.29 The OSDI question-
naire scores dry eye symptomology from 0 to 100, where
higher scores indicate increasing severity of symptoms. It
has been suggested that the cut-off score between normals
and dry eye subjects is 15.29 Perceived ocular comfort with
and without eye cosmetic use was also recorded using a
simple scale of 0–10, where 10 indicated maximal comfort.
(a) (b)
Figure 1. Eyeliner applied within the lash line (a) and outside the lash line (b).
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Data were collected between February and April 2011.
All staff and students at Cardiff University were emailed
with the online link to the survey inviting participation. All
responses were anonymous and data were securely stored
electronically.
Data analysis
Data from the survey were downloaded into a Microsoft
Excel worksheet (www.microsoft.com/Office) and statisti-
cal analysis of data was performed using Microsoft Excel
2007 and SPSS 16.0 for Windows (www.ibm.com/
SPSS_Statistics).
Data were tested for normality using a Kolmogorov–
Smirnov test. Since the data were not normally distributed,
non-parametric statistics were applied to the data, and
two-sided p values< 0.05 were considered significant for all
statistical tests. Data are presented as median values with
interquartile (IQ) ranges.
Results
The survey was completed by 1462 respondents. Although
7% (n = 102) of responses were from males, these were
excluded from data analysis to avoid bias in the results,
leaving 1360 female responses for analysis. The median age
of female respondents was 25 (IQ range 20–34) years.
Use of cosmetic products
About 89% (n = 1206) of respondents reported using eye
cosmetics and 83% (n = 1006) reported using eye cosmet-
ics at least three times per week (Figure 2a). The median
age of eye cosmetics users was 24 (IQ range 20–33) years.
The median age of non-users (n = 154) was 25 (IQ range
21–37) years which was statistically different to the make-
up users (Mann–Whitney U test, p = 0.031).
‘Regular use’ of a cosmetic product was defined as use of
the product three or more times a week. The most regularly
used (! 3 times per week) cosmetic products applied
around the eyes were mascara (70%), foundation (45%)
and pencil eyeliner (41%) (Figure 2b). The use of a single
cosmetic product was relatively rare in these regular
makeup users (12%, n = 143); 53% (n = 638) used at least
three different products regularly.
Ocular comfort
The median OSDI score for the cohort was 10.4 (IQ range
4.2–16. 7). OSDI scores ranged between 0 and 85.4, with
30% (n = 409) of respondents scoring > 15. Although eye
cosmetic users indicated greater dry eye symptoms with
higher OSDI values compared to non-users (10.4, IQ range
4.2–16.7 vs 8.3, IQ range 2.1–15.1 respectively), this differ-
ence was not statistically significant (Mann–Whitney U test,
p = 0.083, Figure 3).
The data set of makeup users was further explored for
differences in OSDI scores according to regularity of make-
up use, as previously defined. The OSDI scores of regular
users of eye cosmetics were similar to those who used eye
Table 1. Summary of questions analysed in the cosmetics survey
Questions 1–10 Collection of demographical data (age, gender,
previous history of allergies and eye sensitivity)
Questions 11–13 OSDI questionnaire
Questions 14–20 Use of eye cosmetics, type and frequency of
cosmetic use
Questions 21–22 Perceived ocular comfort with and without
eye cosmetic use
(a) (b)
Figure 2. Frequency of eye cosmetic use (n = 1206) (a). Percentage of respondents who use each type of cosmetic product ! 3 times a week
(n = 1206) (b).
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cosmetics less than three times a week (10.4, IQ range 4.2–
16.7, vs 10.4, IQ range 4.2–18.8 respectively) and there was
no significant difference in median OSDI scores with
increasing frequency of make-up use (Mann–Whitney U
test, p = 0.47).
Analysis of the OSDI score of users was conducted for
each cosmetic product comparing regular or light use,
using the Mann–Whitney U test, summarised in Table 2.
The number of respondents who were regular users of
false lashes was comparatively small, so no statistical com-
parison was performed. There was no statistical difference
in mean OSDI scores between regular and light users of any
other product.
The survey was designed to explore eyeliner use accord-
ing to both product type and position and this data was
analysed accordingly (Figure 4). Median OSDI scores indi-
cated reduced comfort in the eyeliner-using group (10.4,
IQ range 4.2–18.8) compared to the non-using group (8.3,
IQ range 2.1–16.7), but this was not statistically significant
(Mann–Whitney U test, p = 0.07). Furthermore, OSDI
scores were similar irrespective of the position of eyeliner
application (within the lash line vs outside the lash line,
p = 0.25, Mann–Whitney U test) and the type of eyeliner
applied (pencil vs liquid within the lash line, p = 0.40; pen-
cil vs liquid outside the lash line, p = 0.53).
Ocular comfort with and without eye cosmetics
Eye cosmetic users were asked to rate on an ordinal scale
the perceived comfort of their eyes on days that eye cosmet-
ics are applied and not applied, where 0 = uncomfortable
and 10 = very comfortable. The median perceived comfort
score was significantly greater without make-up compared
to when make-up was used (Figure 5), with scores of 9 (IQ
range 8–10) and 8 (IQ range 7–9) respectively (Wilcoxon
Signed Rank test, p < 0.001).
These differences in perceived comfort scores were fur-
ther analysed according to regular and light eye cosmetics
use, to determine whether increased use was associated
with reduced comfort. Among light cosmetics users, 65%
reported a reduction in perceived comfort when cosmetics
were used and 35% reported no difference. Among regular
cosmetics users, the division between comfort differences
was more equal: 49% reported a reduction, and 51%
reported no difference in perceived comfort when cosmet-
ics were used. A Chi-squared test for independence showed
a significant association between changes in perceived com-
fort and the regularity of make-up use (p < 0.01).
Discussion
The product choice of the respondents in this survey is sim-
ilar to reported trends in the US market which indicated
65% and 62% of women are regular users of mascara and
eyeliner respectively.4 The large number of cosmetics-using
female respondents reflects the rise in popularity of eye cos-
metics use, where sales in this sector have increased by 38%
since 2004.4
In this study, significant differences in OSDI scores were
not established between eye cosmetics users and non-users,
although a trend towards higher scores for eye cosmetics
users was evident. The relatively small sample size of
non-users (11%) may not have been sufficient to detect
Figure 3. Comparison of OSDI scores in make-up users and non-users.
Circles represent values 1.5 times greater than the IQ range; asterisks
represent values 3 times greater than the IQ range.
Table 2. Comparison of OSDI scores in regular and light use of eye cosmetic products
Concealer Foundation Mascara Powder eye shadow Cream eye shadow Eyeliner False lashes
Regular users (! 3 times a week)
n 437 543 845 418 46 571 9
Median OSDI 10.4 10.4 10.4 10.4 10.4 10.4 8.3
IQ range 4.2–18.8 4.2–18.8 4.2–16.7 4.2–18.8 6.3–19.8 4.2–18.8 2.0–25.0
Light users (< 3 3 times a week)
n 297 286 315 599 418 487 321
Median OSDI 10.4 10.4 10.4 10.4 10.4 8.3 10.4
IQ range 4.2–17.7 5.7–18.8 4.2–18.8 4.2–16.7 4.2–18.8 4.2–16.7 4.2–16.7
p value 0.82 0.21 0.53 0.62 0.74 0.21 –
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statistically significant differences. The motivation to com-
plete the survey is likely to have been greater in make-up
users due to increased relevance and existing interest,
reflected in the large number of female respondents. This
finding may also reflect the fact that the OSDI is based
upon symptoms of dry eye rather than irritation. Although
the OSDI questionnaire has been shown to be a valid and
reliable tool with good sensitivity for assessing and moni-
toring dry eye severity and intervention,29 the OSDI scale
may not be the most appropriate measure of ocular com-
fort for this study. Furthermore, the respondents to this
survey were predominately healthy, with only 30% of
female respondents having an OSDI score greater than 15,
which is the recommended cut-off for symptomatic dry eye
diagnosis using the OSDI questionnaire.29
A separate study has shown that 17% of normal subjects
reported symptoms of ‘soreness, scratchiness, dryness or
burning’ after using make-up or make-up remover.24 In
this study, perceived ocular comfort amongst cosmetics
users was found to be significantly improved when eye cos-
metics were not used. While 65% of light cosmetics users
reported a reduction in perceived comfort, this was the case
in only 49% of regular users. Self-selection is likely here:
light cosmetic users may be choosing to limit their fre-
quency of make-up use due to experiences in discomfort
and the converse may be true for regular cosmetics users.
Alternatively, regular make-up users may be more toler-
ant to changes in perceived comfort due to a variety of
other influential factors (e.g. habits and psychological
factors relating to cosmetics use).
The potential origins of ocular discomfort following eye
cosmetic use are multi-factorial. While every effort is made
to formulate products which are safe for application to
periocular skin, there will be inadvertent migration of these
products onto the ocular surface.
(a) (b)
(c) (d)
Figure 4. OSDI scores in four different eyeliner conditions comparing: eyeliner use with non-use (a); application of eyeliner outside and within the
lash line (b); pencil with liquid eyeliner when applied within the lash line (c); pencil with liquid eyeliner when applied outside the lash line (d). (b–d) The
respondents who use the products in the specified way specifically (i.e. respondents who used eyeliner in both conditions in each chart were
excluded).
Figure 5. Perceived comfort scores when make-up is used compared
to when it is not used (n = 1206).
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The migration of cosmetic products applied around the
eyes may occur as a result of manual transfer. This will gen-
erate an immediate response of discomfort. Direct experi-
mental instillation of 30 mg of neat mascara and powder
eye shadow into the eyes of human subjects has been shown
to cause the greatest subjective discomfort amongst a bat-
tery of cosmetic products.30 However the gradual migration
of ointments applied around the eyes onto the ocular sur-
face has been ascribed to the action of the muscles of Rio-
lan. The fine vertically-oriented muscles lie directly beneath
eyelid skin allows vertical movement of lid skin, facilitating
the gradual migration of ointments over the lid margin and
onto the ocular surface.31 Once cosmetic products are in
the tear film, changes in pH and tear osmolarity may occur
which may lead to reduced tear film stability, resulting in
further discomfort. However, the likelihood of cosmetic
product migration in this manner is likely to be product-
dependent. With an increasing trend of formulating ‘long-
wear’ and ‘waterproof’ cosmetic products, the improved
residency on skin and lashes may alter or even minimise
patterns of migration compared to products which may be
powder-based.
The addition of preservatives, surfactants and emulsifiers
to cosmetic products may cause irritation to the ocular sur-
face,25 in a similar way it may irritate periocular skin. Preser-
vatives commonly used in cosmetic products include32:
parabens, imidazolydinil urea, diazolydinil urea, formaldehyde,
benzalkonium chloride and 2-bromo-2-nitropropane-1,3-diol,
all of which are cosmetics ingredients which responsible are
for eyelid allergic contact dermatitis.18,33 Pigments and par-
ticles suspended in coloured eye cosmetic products, varying
in particle size, may provoke foreign body sensations when
in contact with the ocular surface. Certainly, in the formula-
tion of ophthalmic pharmaceutical preparations, it has been
recommended that particle sizes are no larger than 10 lm to
minimise eye irritation.34 Dermatologists recommend
changing products or application techniques for patients
with sensitive skin and eyes. The use of unpigmented (clear)
mascara and restricting application to the tips of the lashes
can cause less irritation for some patients.18 Cosmetic man-
ufacturers may formulate hypoallergenic products which
contain less sensitising ingredients, further reducing the
potential for irritation which may be ideal for sensitive
patients. While alternatives to daily colour cosmetics appli-
cation exist (eyelash tinting, permanent make-up), these
invasive procedures carry their own risks35,36 and should
only be carried out by suitably trained professionals.36
In this study, no trends were identified with frequency of
eye cosmetics use or the type of products used in relation
to OSDI scores. As previously discussed, the use of the
OSDI questionnaire to detect changes in irritation for this
cohort may not be suitable. However the confounding
influence of multiple product usage is unknown. The
results indicated that the majority of cosmetics users applied
two or more products as part of their weekly routine; only a
small number of users chose to apply one product only.
Eyeliner use was analysed according to formulation (pen-
cil or liquid) and the position of eyeliner application
(within or outside the lash line) to explore the hypothesis
that product placement closer to the lid margin may con-
taminate the tear film resulting in tear film changes and
subsequent discomfort. MGD remains a leading cause of
evaporative dry eye and obscuring these gland openings
with cosmetic products might be factorial in dysfunction.
A host of associated ophthalmic risk factors for the condi-
tion have been summarised by the International Workshop
on Meibomian Gland Dysfunction,28 but there are no pub-
lished data which explore the effects of applying eye cos-
metics close to, or along the meibomian glands. While the
acute effects of eyeliner application due to tear film con-
tamination might be tear film instability, long term effects
of eyeliner application on meibomian gland morphology or
meibum lipid profiles are unknown. Conversely the appli-
cation, and particularly removal, of eye cosmetics inevitably
involves digital manipulation of the lids which also may
encourage expression of meibum into the tear film.
Increased meibum in the tear film will increase tear film
lipid layer thickness which, in turn, can retard tear film
evaporation. Indeed digital expression of meibomian
glands is a recognised therapy for MGD37 which has been
shown to significantly reduce tear evaporation rates.38
In summary, the results of this study indicate widespread
regular use of multiple eye cosmetics but did not indicate
significant differences in comfort with respect to formula-
tion and position of eyeliner application. This may be due
to the limited sensitivity of the OSDI for this predominately
young healthy cohort who may only experience short-term
changes in ocular comfort from cosmetic use. It is clear that
with such widespread use of these products more research
is required to assess the effect on the ocular surface and tear
film, which may be underestimated.
Conclusion
This study shows the use of eye cosmetics is extensive and
associated with the perception of ocular discomfort.
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